ABSTRACT -Charcoal is a widely used product for barbecue, however, its quality for said use has not been well studied. Polycyclic aromatic hydrocarbons (PAHs) are a class of carcinogenic compounds that can be present in charcoal. Thus, the objective of this study was to analyze the organic phase extracted from charcoal by organic solvents, regarding the presence of PAHs. For this, a commercial charcoal brand was acquired, collected in establishments in the city of Piracicaba, São Paulo. Complementary tests were carried out to identify the wood used in the production of charcoal, such as determination of humidity, apparent density, immediate composition, calorific value, and combustion index. The organic phase extracted from the charcoal using cyclohexane was analyzed in a gas chromatograph coupled to a mass spectrometer (GC/MS) for identification of a class of sixteen PAHs. In general, charcoal presented regular characteristics for barbecue. All PAHs analyzed were detected in the organic phase extracted from the charcoal, but the observed values were below the quantified limit determined Keywords: Quality of charcoal; Charcoal toxicity; Gas chromatography. 
INTRODUCTION
Brazil ranks as the largest producer and, at the same time, the largest consumer of charcoal in the world. On average, 6.6 million tons year -1 (Balanço Energético Nacional, 2015; Indústria Brasileira de Árvores, 2016) are produced, and almost 90% was destined for steel purposes, mainly in the Minas Gerais State. It is estimated that the remainder was mostly used in cooking food (barbecue).
The preparation of food based on firewood and charcoal is one of the oldest practices used by mankind (Warnes, 2008; Stumpe-Vîksna et al., 2008; Ledesma et al., 2016) . Dias et al. (2015a) identified that in the residences of Piracicaba, SP, barbecue activities occur at least once a month. Barbecue is very widespread, involving sociocultural aspects, production methodologies, and a supply chain that includes, but is not limited to, logistics of distribution and collection (Warnes, 2008) .
Despite the high Brazilian demand for charcoal, the country's official regulations only regulate testing procedures but do not assign minimum standards for the product intended for the barbecue. The only Brazilian mechanism that establishes guidelines for quality control of barbecue charcoal is the Secretary of Agriculture and Supply of the São Paulo State (SAA). The São Paulo -Premium Seal Charcoal (voluntary adhesion), promulgated by Resolution n°. 10 SAA on July 11, 2003 (São Paulo, 2003 , was amended with Resolution n°. 40 (São Paulo, 2015) . In Europe, for example, Association Française de Normalisation (2005) : Appareils, combustibles solides et allume-barbecue pour la cuisson au barbecue, normalizes minimum quality aspects for charcoal and briquettes to be used in the barbecue.
The standards cited, however, support only the regular characteristics of charcoal, while other particulars, such as the presence of potentially toxic compounds, are not taken into account. This is the case of polycyclic aromatic hydrocarbons (PAHs) carcinogenic compounds, which have received special attention from the World Health Organization (WHO), International Agency for Research on Cancer (IARC), and have been highlighted in several studies for their risk in food contamination (Mottier et al., 2000; Costa, 2001; Stumpe-Vîksna et al., 2008; Duedahl-Olesen et al., 2015; Ledesma et al., 2016) . The maximum permitted levels of PAHs in certain food items are set by European legislation through the Regulatory Commission (CE) 208/2005 (European Union, 2005 .
The charcoal used in the barbecue can contaminate the food through contact with the gases emitted containing PAHs, which in turn, cause its composition to be influenced by the raw combustion material and the process by which it was carbonized (Larsson, 1982; Nisha et al., 2015) . According to Larsson (1982) , these factors mainly influence the amount of residual tar remaining in the pores and are responsible for the formation of PAHs during the combustion of charcoal. Stumpe-Vîksna et al. (2008) analyzed foods prepared with charcoal from coniferous wood and obtained important contamination rates for PAHs in food. The PAH values can be substantially higher in coniferous wood charcoals due to the resin and, therefore, the type of charcoal chosen may be a determining factor in the levels of these contaminants (Larsson, 1982; Paz et al., 2017) . In Brazil, the most recommended wood for charcoal production is of the genus Eucalyptus, but there are situations in which woods of other genera (cerrado biome) are used for this purpose.
Thus, the aim of this study was to analyze the organic phase extracted from charcoal by the action of organic solvents in the presence of potentially toxic polycyclic aromatic hydrocarbons (PAHs). Additionally, charcoal was evaluated for physical, mechanical, and immediate chemical characteristics.
MATERIAL AND METHODS

Sampling and characterization of charcoal
In the city of Piracicaba, SP, 3 kg packages of "A" brand charcoal marketed for barbecue were collected. Sampling was carried out in twenty commercial establishments distributed in the 63 districts that compose the municipality. The establishments were chosen from a list provided by the Commercial and Industrial Association of Piracicaba, SP (ACIP). The justification for working with the charcoal acquired in the packaging for the retail trade was to guarantee the randomness of the sampling, different batches of the product, and to get as similar as possible to what is normally available to the final consumer. The collected materials were submitted to the following initial analyses:
• Identification of the wood group that for the charcoal source (Rangel, 2012; Vital et al., 2014) .
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• Moisture (%) -ASTM D 1762-84 (American Society For Testing and Materials, 1977) .
• Bulk density (g cm -3 ) -NBR 11941 (Associação Brasileira de Normas Técnicas, 2003).
• Friability (%) -NBR 8740 (Associação Brasileira de Normas Técnicas, 1985).
• Immediate composition: volatile content, ash content, and fixed carbon content (%) -ASTM D 1762-84 (American Society For Testing and Materials, 1977).
• High calorific value and lower calorific value (kcal kg -1 ) -NBR 8633 (Associação Brasileira de Normas Técnicas, 1984).
• Charcoal combustion index - Dias et al. (2015b) .
Polycyclic aromatic hydrocarbons (PAHs)
The preparation of the samples and the determination of the PAHs in the organic phase extracted from the charcoal were carried out according to the norms of the Environmental Protection Agency (EPA) methods 3550 C (US Environmental Protection Agency, 2007a) and EPA 8270 D (US Environmental Protection Agency, 2007b), respectively. Thus, samples composed of charcoal were dried in an oven at 105 ± 3 °C, then macerated and incorporated in a volumetric flask containing 100 ml of distilled water and 100 ml of cyclohexane solvent. 250 ml of ethanol was added to separate the water from the mixture. Then, 50 ml dimethylformaldehyde solvent was added to facilitate separation of the cyclohexane from the organic phase extracted from charcoal. The extraction procedure was performed using the solid phase technique with the following conditions: sohxlet solvent, temperature of 60 °C, and the final organic phase was concentrated in a rotary evaporator.
The limits of detection (LD) and quantification (LQ) were calculated based on the signal noise ratio from standard solution analyses, assuming a ratio of 10:1 for LQ and 3:1 for LD. Calibration curves were constructed from the addition of known volumes of stock solution of a class of 16 PAHs (Table 1) in an isopropanol and ethyl acetate (1:1) solution.
The chromatographic analyses were performed using a gas chromatograph, Thermo Scientific DSQ II model, coupled to a mass spectrometer (GC/MS). This spectrometer assembly included a 5% capillary column of phenyl methylsiloxane type (20 m; ID 180 m; Film 0.18 m) and was equipped with entraining Helium gas, in addition to using an initial temperature of 60 °C and maximum temperature of 350°C during a twenty minute running time. The equipment was programmed for complete scan analysis, run time of 0.13 seconds, and eight sweeps per second. For the analysis, one microliter (1 l) of the organic phase was injected into the chromatograph. The data was acquired in the selected ion monitoring mode (GC/MS). Peak spectra were compared to the mass spectra of the PAH standards and equipment library.
Data analysis
The data obtained for the physical, mechanical, and immediate chemical properties of charcoal were analyzed using descriptive statistics, considering the mean values and their respective standard errors. The chromatographic results were interpreted by the values provided by GC/MS and chromatograms generated.
RESULTS
The charcoal ("A") was identified as having originated from Eucalyptus spp wood. The methodologies used in this research allow for the recognition of wood only at the genus level, differentiating whether the charcoal originated from eucalyptus or another genus. However, the result Dias et al. (2015a Dias et al. ( , 2015b , all presenting standards and specific studies for charcoal used in barbecue. Table 3 presents the equations obtained after the calibrations of the 16 PAHs analyzed in the organic phase extracted from the charcoal and the respective coefficients of determination (R 2 ).
It is observed that the R 2 values ranged between 0.9990 and 0.9998, indicating good correlations between the retention area and the concentration of the calibrated PAHs. These results demonstrate the accuracy and reliability of determination of the compounds in this study. According to Table 4 , the PAH values detected in the organic charcoal phase were below 0.32 mg kg -1 .
DISCUSSION
For barbecue, high humidity values can compromise the ignition and combustion of charcoal. High friability levels indicate greater ease of breakage during transport and handling, and high fixed carbon contents indicate greater combustion capacity without the generation of flames.
The charcoal had high fixed carbon content, consistent with previously observed combustion performance ( Table 2 ). The combustion index (ICOM cv ) considers the time and mass loss for temperatures above 150°C. Thus, a greater ICOM cv is observed with more constant temperature, as a function of the lower mass loss. However, high ash percentage is an undesirable characteristic in charcoal, since it interferes negatively in its calorific value (Oliveira et al., 2010) . Brito (2002) , São Paulo (2015) , and Rosa et al. (2012) consider that charcoal of good quality for barbecue must have certain characteristics, such as high bulk density, high fixed carbon content (>75%), high calorific value, low humidity (<5%), low volatile (<25%), and low ash content (<1,5%).
With respect to PAHs, the chromatogram (Figure 1 ) obtained evidences the presence of the 16 PAHs analyzed in the organic phase extracted from charcoal "A".
The detection of hydrocarbons indicates that contamination of food during barbecue should be considered. Although PAHs have been identified in the organic phase extracted from charcoal, it contains residual tar (PAHs precursor) that can be volatilized and incorporated into the food during grilling. Considering that charcoal is not a material of welldefined molecular chemical composition (structures of the carbon chains), carbonization is based on the elimination of volatile components of wood by heat action, in order to concentrate carbon (Perez et al., 2004; Francioso et al., 2011) . For barbecue, greater carbon content is better, as this would result in lower concentrations of residual tar in its pores and, consequently, lower levels of PAHs.
The fixed carbon content is an important indicator of charcoal quality and, therefore, it can be related to PAHs. This is true because the fixed carbon content of the charcoal increases as the temperature increases during the carbonization process (Trugilho and Silva, 2001; Dias et al., 2016) . The result would be, for example, charcoal with lower tar yields as compared to charcoal produced at a lower final carbonization temperature.
Noting the charcoal "A" characteristics, it was determined that all or parts of the PAHs analyzed were not detected, especially considering their high fixed carbon content (80.91%, Table 2 ). Thus, charcoal is a product that can be toxic, and further studies should be conducted to better characterize the material in relation to other aspects involving the production and use of charcoal for food preparation purposes. This argument Wherein: M = moisture (%); F = friability (%); BD = bulk density (g cm -3 ); VM = content of volatile materials (%); A = ash content (%); FC = fixed carbon content (%); ICOM cv = charcoal combustion index; HCV = higher calorific value (kcal kg -1 ); LCV = lower calorific value (kcal kg -1 ); S.E. = average standard error (±).
is made because according to Duedahl-Olesen et al. (2015) , any amount of PAHs in food is already a dangerous aspect for those who consume it.
The detected PAHs ranged from the simplest (in terms of the aromatic chain, such as naphthalene) to the more complex, such as (benzo[g,h,i]perylene). According to Larsson (1982) , the way in which combustion is conducted during barbecue is a determining factor for the formation and elimination of PAHs. For the author, factors such as charcoal humidity, temperature, and aeration (load flow) of combustion equipment, can denature (low humidity and high temperature) the compounds by converting them to less harmful compounds. Therefore, it is recommended that barbecue be performed with high temperatures and with the food as far as possible from the heat source (charcoal) to lower exposure to PAHs (Larsson, 1982) . (Wenzl et al., 2006) . For this group, the daily intake of PAHs in grilled foods per person should not exceed 0.49 mg kg -1 per day.
These recommendations were established based on food intake, considering a high frequency of barbecue in Brazil, and the results obtained in this study. It can be established that the charcoal quality should also be evaluated for the food observed and studied. StumpeVîksna et al. (2008) away from the heat source (charcoal), maintaining of high cooking temperatures (through aeration and fuel feedback), avoiding the presence of flames (volatile materials), and direct contact with food. In practice, it is difficult to adopt the recommendations made by the authors, and the quality control of the product is the best prevention with respect to contamination by PAHs.
Regulation CE-208 (2005) establishes that the maximum level is 5.0 ng g -1 of benzo(a)pyrene (main indicator of PAHs) for meats and smoked and/or grilled products. It is considered that the limits recommended by the legislation refer specifically to food products, given that most studies define PAHs contamination pathways as: food composition and preparation processes (Mottier et al., 2000) . In barbecue, charcoal comes into contact with food through contact with gases and particulates. In view of the whole context presented in this study, the research on charcoal may indicate more precisely the main contaminating agent: charcoal, food, or the variables of the barbecue process.
CONCLUSIONS
Charcoal "A" presented the recommended characteristics and parameters for barbecue.
The 16 standard PAHs in organic phase extracted from charcoal were detected, all at levels below 0.32 mg kg -1 .
Further research is recommended for the qualification and quantification of PAHs in charcoal produced under different process conditions (raw material, carbonization temperature, and heating rate), grilling properties (distance from heat source, temperature variation, load flow), and the prepared foods. Analysis of the gases emitted by the combustion of charcoal by appropriate methodology (GC/PY) is also recommended in order to verify if the PAHs present in the organic phase extracted from the charcoal correspond to the same PAHs present in the emitted gases (qualitative and quantitative study).
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